Abstract: In actual decision making process, the final decision result is often affected by decision maker's psychological behavior, however, for the multiple attribute decision making (MADM) problem in which attributes values are expressed with trapezoidal intuitionistic fuzzy numbers, there are few literatures considering the decision maker's behavior factors in decision making process. For this case, this paper first proposes a new distance measure of TIFNs and a new ranking method which considers decision maker's attitude behavior, and then develops an extended TODIM decision making method. Finally an example is given to illustrate the validity and practicability of the proposed method.
Introduction
In recent years, with the increasing complexity of the managerial decision making environment, many managerial decision-making problems contain qualitative properties which are difficult to quantify. Zadeh's fuzzy sets have been greatly successful in dealing with fuzzy management decision making problems [3, 4, 18, 20, 22, 35] . Zadeh's fuzzy set is characterized by a single scale (membership), which can only characterize the support and opposition of the two aspects of the evidence. But some decision making problems have ambiguous hesitant phenomenon with respect to evaluation of information, and Zadeh's fuzzy set is hard or difficult to depict these situations. Therefore, many scholars developed Zadeh's fuzzy set, and intuitionistic fuzzy (IF) set is one of the most famous fuzzy sets among them. Originally proposed by Atanassov in 1986 [1] , IF sets can well describe the hesitation and uncertainty of judgment through the addition of a non-membership parameters, which can describe the vague characters of things comprehensively. Then IF sets have become a powerful and effective tool in dealing with uncertain or vague information in actual applications. In dealing with ambiguity and uncertainty, IF sets are more flexible and practical than fuzzy sets, and thus they have been applied widely in decision making.
Because of the complexity and uncertainty of objective things and the limitation of decision maker's knowledge, membership and non-membership functions are sometimes difficult to represent by using the precise numbers. But interval number can be very useful to describe this kind
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of case, so Atanassov and Gargov [2] extended IF sets to interval-valued IF sets. Some scholars put forward the concept of continuous IF numbers to describe an uncertain quantity or a difficult quantification number on the basis of the concept of IF set. Grzegrorzewski [10] extended IF sets to the continuous case of IF numbers . Nehi and Maleki [21] put forward trapezoidal intuitionistic fuzzy number (TIFN), and defined the corresponding operation rules, which caused great concern in the academic community. Shu [27] proposed the definition of triangular intuitionistic fuzzy number, which is a special example of TIFN, and they put it to the application of fault tree analysis, base on these research, Wang and Zhang [31] further expanded it and gave the definition of a generalized TIFN. Different from the definitions of IF sets, TIFN is added to a trapezoidal fuzzy number, which makes the membership degree and the non-membership degree no longer be only a fuzzy concept Good or Excellent; then, the assessment information given by the decision makers can be expressed exactly. Comparing with IF sets, they have more attractive explanation, and are easy to be quantified and executed by the decision maker, and thus they have more theoretical value in the field of decision science [8, 14, 16, 29] .
At present, the theory and application of fuzzy numbers, such as triangular intuitionistic fuzzy number, trapezoidal intuitionistic fuzzy number, have been received great attention. But most of the existing decision-making methods do not consider the influence of the behavior of the decision-makers in the decision process, because they are assumed that the decision maker is completely rational. However, the actual decision-making process is often accompanied by the different psychological behavior of the decision-makers and the attitude of the risk and other factors of behavior. Kahneman and Tversky [13] proposed the prospect theory, which can describe the decision maker's psychological behavior. Based on prospect theory, Gomes and Lima ( [6, 7] ) developed a new MADM method named TODIM method, which has made many successful applications, such as material evaluation [34] , green supplier selection [26] , logistics outsourcing [30] etc. Fan et al. [5] proposed an extension of TODIM (H-TODIM) to solve the hybrid MADM problems in which attribute values have three forms: crisp numbers, interval numbers and fuzzy numbers. Qin [23] proposed a generalization of the TODIM method under triangular intuitionistic fuzzy environment. Ren et al. [25] extended the TODIM method to deal with the MADM problem in which attribute values are expressed with Pythagorean fuzzy numbers. Zhang et al. [33] developed the TODIM method to solve the MADM problem in which the attribute values are expressed with neutrosophic numbers. In this paper, we will develop a new extension of TODIM method to solve the MADM problem in which attribute values are expressed with TIFNs, and an application example is used to illustrate the validity and practicability of the proposed method.
Preliminary knowledge

Definitions of TIFNs
Firstly, we recall the definition of the TIFN and the related theory. In order to use the concept of IF sets to define an uncertain number or difficult to quantify the amount, Grzegrorzewski [10] 
, and they satisfy
are non-decreasing coctinuous functions and g A (x) , h A (x) are non-increasing continuous functions.
On the basis of Grzegrorzewski's IF numbers, Nehi [21] developed the TIFN in 2005, which is given in Definition 2.
A fuzzy number A is called a TIFN, if its membership function µ A (x) and non-membership function ν A (x) are respectively defined as follows( [21] ): 
Usually, α−cut set is a very effective tool for describing the number of fuzzy numbers [11] , and TIFNs have two classes α−cut sets: (A + ) α and (A − ) α .
) > be a TIFN, then the two classes α−cut sets (A + ) α and (A − ) α are defined as follows, respectively:
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According to Definition 4, each α−cut set is a closed interval,thus they can be denoted as
we can easily derive the following results:
A novel distance measure of TIFNs
In the follow we will develop a novel distance of TIFNs based on the following distance measure between two fuzzy numbers proposed by Grzegorzewski in 1998. Lemma 2.1. For two any fuzzy numbers A and B, and the corresponding α−cut sets are re-
, then the distance measure between them is defined as [9] .
Inspired by the Lemma 1, we define the following distance measure for two arbitrary TIFNs and as follows:
It is easy to prove that the new distance measure can satisfy the non negativity, symmetry and triangle inequality. By straightforward calculation, we can get Theorem 1. 24 ) > be two TIFNs,then the distance measure between A 1 and A 2 is defined as follows:
Proof: Here
where x = a 21 − a 11 , y = a 22 − a 12 . Similarly, we have
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2 ) Then by lemma 1, we can derive the conclusion (1). 2
A new ranking function of TIFNs
In actual decision making process, the final decision result is often affected by the different attitudes of decision-makers, although many scholars have already considered the influence of different attitude index for the MADM problems in which attributes values are expressed with interval number and triangular fuzzy number [17, 24, 28] . However, for the MADM problem in which attributes values are expressed with TIFNs, and there is no literature considering the decision maker's attitude in decision making process. Thus, we take the decision maker's mentality into the decision-making process, and put forward a new TIFN ranking method.
→ã is a function of parameter with the following form:
Here, the parameter λ is called attitude index of interval numberã. When an attribute is a benefit type attribute, i.e. the value of it is the-larger-the-better. When λ = 0,then
,thus for benefit type attribute, the parameter λ = 0 demonstrates a pessimistic attitude. Similarly, λ = 1 demonstrates an optimistic attitude and λ = 0.5 demonstrates a moderate attitude.
Lemma 3.1. Letã = (a L , a M , a U ) be a triangular fuzzy number, and for any real number α ∈ [0, 1], α − cut set ofã can be easily derived as follows [15] :
Remark 3.2. For two arbitrary triangular fuzzy numberã andb, α − cut sets are often used to compare them. Considering the α − cut sets of triangular fuzzy numbers are still interval numbers, and α is an arbitrary value in interval [0, 1],to eliminate the arbitrariness and reflect the decision maker's attitude behavior, Ren and Liu [24] developed a new ranking function of triangular fuzzy number considering with attitude of decision maker(s) motivated by Definition 5.
Definition 13. Letã = (a L , a M , a U ) be a triangular fuzzy number, then for any parameter λ ∈ [0, 1], the function F (ã, λ) is a new ranking function of triangular fuzzy number considering attitude of decision maker(s) with the following formula [24] :
Obviously, F (ã, λ) can be rewritten as the following form: , λ) ; then for the decision maker whose attitude is pessimistic, the ranking result isã ≤b, which for the decision maker whose attitude is optimistic, the ranking result isã ≥b.
Motivated by Definition 6, we will develop a new ranking function of trapezoidal intuitionistic fuzzy number defined in Definition 7. A =< (a 1 , a 2 , a 3 , a 4 ), (b 1 , b 2 , b 3 , b 4 ) > be a TIFN, and p(α) is a real function defined on [0, 1] , then a new ranking function F (A, λ) including the attitude behavior of decision maker is defined as follows:
Definition 14. Let
Particularly, if P (α) = α r+1 , then we can get
is as same as that ranking function of Ye [32] . Similar discussion with Remark 1, the parameter λ is the attitude index. Then the ranking function F (A, λ) can reflect the attitude behavior, and thus it can better depict the actual decision process with the help of different values of λ than that ranking function of Ye [32] .
Definition 15. For two given TIFNs A 1 and A 2 , and r ∈ [0, 1], the relationship of A 1 and A 2 can be defined as follows:
,then A 1 is equal to A 2 , and noted λ) ; then for the decision maker whose attitude is pessimistic, the ranking result is A 1 ≤ A 2 , while for the decision maker whose attitude is optimistic, the ranking result is A 1 ≥ A 2 . T be the attribute weight vector, and each element w j represents the degree of importance of attribute, which can be given by decision maker or determined by some weighting methods, such as AHP method or entropy weighting method.
Extended TODIM method for MADM under TIFN environment
The calculation steps of the extended TODIM method considering the decision maker's attitude are given as follows:
Step 1. According to Table 1 [32],s k ij can be transformed with TIFNsã ij (k),i = 1, 2, ..., m, j = 1, 2, ..., n and k = 1, 2, ..., s. 
The linguistic terms decision matricesS
k = (s k ij ) m×n are transformed into trapezoidal intuitionistic fuzzy decision matricesÃ k = (ã k ij ) m×n (k = 1, 2, ...,
s).
Step 2. Lets ij be the total score of alternative x i with respect to attribute o j given by all decision makers, and it is defined as
Step 3. Determine the weights of evaluation attributes. Using the Definition 7 and P (α) = α r+1 , we can get the intuitionistic fuzzy sorting function matrix F (λ) = (F (ã ij , λ)) m×n ,where F (ã ij , λ) is the ranking function of fuzzy numberã ij considering with the attitude of decision maker. For the maximum TIFNã * =< (1, 1, 1, 1 ) , (1, 1, 1, 1) >, F (ã * , λ) = 1. Now, we will propose a new weighting method by means of the proposed ranking function. The reasonable weight should be the minimum of the total deviation of the alternative x i (i = 1, 2, · · · , m) and the positive ideal solutionã * . Therefore, we can establish the following optimization model:
By solving the Eq. (3), the optimal solution w * = arg max S is chosen as the optimal attribute weights.
Step 4. Calculate TODIM score as follows: (i) Calculate w rc = wc wr ,where the value w rc represents the weight value of criteria r divided by the weight of the reference point c,and w r = max 1≤c≤n {w c }. (ii) For given value of attitude index λ ,calculate
Here the parameter θ is an important parameter in prospect theory, and θ > 1 shows that the individual is losses aversion, and θ < 1 shows the individuals are attenuated when facing the losses [19] . Here we set θ = 2.25 , which is the most often used value of θ in prospect theory.
.., m, calculate the comprehensive evaluation index value:
Step 5. Rank the alternatives according to ξ i (i = 1, 2, · · · , m) in decreasing order.
Applied example
Suppose that a company wants to invest a large amount of money in the best options(Herrera and Herrera-Viedma [12] ; [32] ). There are four parallel alternatives: x 1 (a car company), x 2 (a food company), x 3 (a computer company), x 4 (an arms company) and three evaluation attributes o 1 (the risk analysis), o 2 (the growth analysis), and o 3 (the environmental impact analysis). The risk investment company now employs four experts to evaluate these four alternative enterprises. The evaluation values are expressed with linguistic terms, and the corresponding trapezoidal intuitionistic fuzzy evaluation decision matrices are listed in Table 2 to Table 4 . Our task is to choose the best investment plan by the method presented in this paper. 
The specific calculation steps of the proposed decision making method considering with the psychological behavior of the decision makers are given below:
Step 1. The linguistic terms decision matricesS 1, 2 , ..., s) and given in Table 5 to Table 7 .
Step 2. The evaluation information of the expert group is gathered and expressed with decision matrixÃ = (ã ij ) m×n , which is shown in Table 8 . 
H FH FL Table 4 : Linguistic evaluation values given by expert 3
H H M Table 5 : Trapezoidal intuitionistic fuzzy decision matrix given by expert 1 Step 3. In order to facilitate the comparison with the results of Ye [32] , here we also assume that the attribute weights are known with w 1 = 0.3490, w 2 = 0.3020 and w 3 = 0.3490.
Step 4. For given attitude index value λ = 1/2 and r = 0 , the comprehensive evaluation values of the extended TODIM method are calculated as 
